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Chief  of  NaraJ.  Research 
Nary  Department 
Washington  25,  D.  C. 

Attention  Mechanics  and  Materials  Branch 
Dear  Sir i 


I am  enclosing  fire  copies  of  the  report  corering  the 
work  done  during  the  month  of  July,  1948,  on  "Fundamental  Studies 
of  Ceramic  Mater iala* . The  report  has  been  distributed  as 
indicated  by  the  distribution  list  bound  with  the  report. 

The  reaearch  is  continuing  on  the  effeot  of  rarying 
the  oharaoter  of  the  pore  struoture  on  the  properties  of  svreral 
burned  alumina  bodies*  The  rupture  ralues  obtained  on  speolmen* 
matured  for  27  hours  at  3100*F.  did  not  rary  appreciably,  fer  a 
partiouitr  addition  of  filament,  with  the  change  in  either  the 
diameter  of  the  filaaent  or  the  type  of  alumina  employed. 

In  the  research  on  slroon  bodies,  the  modvJLus  of 
rupture  ralues  did  not  rary  widely  with  change  in  grain  sise  of 
the  raw  material  or  with  change  in  forming  method. 

We  shall  be  pleased  to  hare  any  consents  you  or  your 
associates  or  any  person  reoeiring  these  reports  may  oare  to 
make  with  regard  to  the  researoh. 

Sincerely, 
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Bnc.  (5) 
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SUMMARY 

In  the  study  of  the  effect  of  varying  the  ohar&oter  of  the  pore 
structure  on  the  properties  of  alumina  bodies,  specimens  were  extruded 
from  Norton  Alundum  38 SCO  and  T-61  tabular  alumina  oontaining  2-l/2  or 
5jS,  by  volijunB,  of  organic  filaments,  0.004  or  0.008  inoh  in  diameter. 

■Jhen  the  specimens  were  matured  for  27  hours  at  3100*F.„  both  the  modulus 
of  rupture  and  modulus  of  elasticity  values  for  eaoh  alumina  body 
decreased,  as  expected,  with  the  progressive  inorease  in  porosity  re- 
sulting from  the  burning  out  of  the  different  amount.*  of  the  filaments. 
The  rupture  values  did  not  vary  appreciably,  for  & particular  addition 
of  filament,  with  tho  change  in  either  the  diameter  of  the  filament  or 
the  type  of  alumina  employed.  The  porosity  *a a markedly  higher  and  the 
modulus  of  elasticity  lower  for  a specific  tabuli. : alumina  structure 


| than  for  the  corresponding  Norton  Alundum  s. 
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Preliminary  fabrication  studies  were  made  in  the  work  on  ziroon 
bodies  in  id\ioh  the  raw  material  was  prepared  in  two  different  degrees 
of  fineness  and  was  formed  by  dust  pressing,  plastio  extrusion,  and  slip 
casting.  When  the  specimens  were  matured  at  3100*F.,  the  modulus  of 
rupture  values  did  not  vary  widely  with  the  change  in  grain  size  of  the 
raw  material  nor  with  the  ohange  in  forming  method,  although  the  bulk 
density  values  were  higher  and  the  apparent  porosity  was  markedly  lower 
for  the  specimens  formed  from  the  finer  material.  Examinations  of  the 
speoimena  and  data  indicated  "overfiring"  of  the  structure  at  this 
temperature  of  matusing. 

EXPERIMENTAL  WOFJT 

(Data  in  Record  Book  No.  3658,  page s 54  to  36,  and  Record 
Book  No.  3804*  pages  29  to  86.  Work  conducted  during 
the  period  from  July  1 to  July  31,  1948.) 

Alumina  Bodies 

Effect  of  Pore-Charaoter  Variations 

were  formed  by  plastic  extrusion*  from  bodies  of  two 
aluminas,  Norton  Alundum  38900  and  T-61  tabular  alumina**,  eaoh  containing 

* The  forming  technique  is  described  in  the  Appendix. 

**  The  average  grain  sizes  of  these  materials,  as  usually  supplied, 
were  approximately  5 and  22  miorons,  respectively. 
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separate  additions  of  two  sites  of  Nylon  monofilaments*  The  specimens 
were  fired  for  27  hours  at  3100*F.  The  properties  are  given  in  Table  18 
cf  the  Appendix. 

As  expected,  both  the  modulus  of  rupture  and  modulus  of  elastioity 
values  for  eaoh  alumina  body  deoreaaed  with  the  progressive  inorease  in 
porosity  resulting  from  the  burning  out  of  the  different  amounts  of  the 
monof ilaments . The  rupture  values  did  not  vary  appreciably,  for  a 
particular  addition  of  monof i lane nts,  with  the  change  in  either  the 
diameter  of  monofilament  or  the  type  of  alumina  employed*  The  porosity 
Tma  significantly  higher  and  the  modulus  of  elasticity  value  lower  for 
a speoifio  T-61  tabular  alumina  structure  than  for  the  corresponding 
Norton  Aluadua  structure. 

Although  the  fabrication  techniques  employed  in  this  work  were 
much  improved  over  those  reported  last  month*,  the  present  investigation 
is  still  considered  preliminary  in  nature. 

Ziroon  Bodies 

Preliminary  fabrication  and  burning  treatments  were  conducted  to 
j aid  in  selecting  techniques  for  use  in  a detailed  study  of  siroon  bodies. 
The  raw  material  employed  was  TAM  Granular  Zircon,  wet-milled  in  cr.e- 
gallon  mills  of  a xiroon-poroelai  type  for  12  and  48  hours.  Specimens 

Report  dated  July  16,  1948. 
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were  formed  by  dust  pressing,  pl&stio  extrusion,  and  by  slip  oasting, 
and  were  matured  for  3 hours  at  3100*F«*  The  properties  of  the  speoin»ns 
are  given  in  Table  19  of  the  Appendix. 

The  modulus  of  rupture  values  for  these  preliminary  specimens, 
when  matured  at  this  temperature,  did  not  vary  widely  with  the  change 
in  grain  site  of  the  raw  material  or  with  the  ohange  In  method  of  forming. 
However,  the  linear  shrinkage  end  bulk  density  were  markedly  higher  for 
the  speoimens  of  the  material  whioh  was  milled  for  46  hours  them  for 
those  of  the  material  milled  for  12  hours,  and  the  apparent  porosity 
values  of  the  former  speoimens  were  very  low. 

A oursory  petrographio  examination  indioated  significant 
dissooiation  cf  the  tiroon  in  these  matured  speoimens.  Also,  a compari- 
son of  the  apparent  porosity  values  with  the  respective  bulk  density 
values  indioatec  a relatively  high  proportion  of  sealed  pores. 

FUTURS  WORK 

Work  will  be  oorrtinued  on  the  investigation  of  the  effeot  oi 
varying  the  pore  oharaoter  on  the  properties  of  alumina  speoimens. 

* The  preparation  of  the  bodies  and  tho  methods  of  forming  wer«i 
essentially  the  same  as  were  described  for  alumina  bodies  in 
the  Appendix  of  the  report  dated  Maroh  16,  1948.  The  techniques 
of  firing  were  similar  to  those  described  for  speoimens  of 
alumina  in  the  Appendix  of  the  report,  dated  December  16,  1947. 

The  details  for  these  procedures  will  bo  given  in  a later  report 
wren  developed  further  for  the  siroon  todies. 
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Teohniques  will  tw  developed  for  fabricating  body  structures  having 
various  amounts  and  shapes  of  pores* 

The  study  of  sircon  bodies  will  be  continued  in  further  investiga- 
tions of  the  preparation  of  & raw  material  in  various  grain  sixes  and  with 
high.  purity=  An  appropriate  fabrication  and  maturing  program  will  be 
developed  for  the  detailed  study  of  this  type  of  body* 

JFLsHZS iCRA/lkm 
September  3,  1948 
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APPSNDIX 

Prspsratlon  and  Forming  of  Alumina  Bodies 

The  alumina  and  Nylon  monofilaments  of  the  batoh  were  mixed 
together  by  hand  and  then  were  placed  in  a mullor-type,  Lancaster  mixer 
of  laboratory  sise*  a 8%  addition  of  Mogul  gum  was  added  continuously 
during  the  first  few  minutes  of  mixing.  Mixing  then  was  continued  for 
an  additional  16  minutes.  A mixture  consisting  of  a 1($  addition  of 
water,  a 6$  addition  of  glyoerin,  and  a 0.2%  addition  of  phenol  was 
prepared  and  added  slowly  to  tho  mixing  dry  batoh.  Additional  water 
then  was  added,  as  neeessary,  to  attain  the  proper  extrusion  consistency. 
The  total  water  additions  rangod  from  10%  for  the  body  of  tabular  alumina 
oontararng  no  Nylon  monofilaments  to  16  -l/z%  for  the  body  of  Norton 
Alundum  containing  the  higher  amount  of  monofilaments,  0.004  inoh  in 
diameter. 

The  plastioiced  bodies  were  extruded  continuously  through  the 
steel  orifioe,  5/l6n  x 5/l6r',  of  a piston-type,  extrusion  apparatus. 

The  oylinder  of  the  apparatus  was  ,ideairedn  to  an  absolute  pressure  of 
approximately  25  milliujstors  cf  moroury. 
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TABLE  19.  PROPERTIED  OP  BURNED  .SPECIMENS  OP 
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Note:  Specimens , "5716"  x 5/l6"  x 3",  were  catured  for  3 hours  at  3T00oF#  Values  given  are  e.verages  of  the 
reeulto  obtained  frou  at  least  4 individual  specimenr. 


